This study investigates whether the converting U.S. property-liability insurers improve their efficiency performance before and after the conversion. The evidence shows that converting insurers experience larger gains in cost efficiency scores and total factor productivity change than mutual control insurers before the conversion when the value-added approach is used. On the other hand, converting insurers experience deterioration in cost efficiency scores and total factor productivity change relative to mutual control insurers before the conversion when the financial intermediary approach is used. The two seemly contradictory results may be complementary because the outputs and inputs of the two approaches are different. The empirical evidences of the value-added approach and the financial intermediary approach indicate converting insurers experience improvement in their efficiency relative to mutual control insurers after the conversion. The results are robust with respect to cost efficiency scores and total factor productivity change. These overall results support the efficiency hypothesis. The regression evidence also shows that converting insurers outperform their mutual control insurers in cost efficiency after conversion using the both approaches.
Introduction
Mutual-to-stock conversion, a process know as demutualization, has been occurring in the U.S. insurance markets for many decades. These conversion activities have raised much attention from insurance regulators, policyholders, and academics and become an important issue in the insurance literature. To understand why insurers demutualize, we need to ask: Which form of organizational structure, mutual or stock, is more efficient? A number of studies have explored this issue and provide many meaningful insights. Spiller (1972) , Frech (1980) , Cummins, Weiss and Zi (1999) , Brockett et al. (2004 among others examine the efficiency issue of stock versus mutual insurers. Mayers and Smith (1986) , McNamara and Rhee (1992) , and Cagle et al. (1996) further examine the performance issue for the insurers who go through the conversion process. Mayers and Smith (1986) suggest two competing hypotheses to explain why mutual insurers convert: the expropriation hypothesis and the efficiency hypothesis. The expropriation hypothesis alleges that conversions may be used as a mechanism to transfer wealth from policyholders to officers and directors of converting firms and policy owners may be harmed through the conversion process. The efficiency hypothesis, on the other hand, suggests that the purpose of conversion is to improve financial and operational performance of the converting insurer. Based on agency theory, there are many disadvantages of mutual insurers. Mutual insurers are less effective in monitoring and controlling over management than stock insurers.
In other words, the conflict between the policyholder and the mangers is much higher for mutual insurers. Moreover, mutual insurers are less effective in operation because of their restricted access to capital and inability to diversify. Thus, the efficiency hypothesis states that mutual insurers convert to stock insurers in an effort to improve efficiency.
A few studies have examined the performance changes during conversion period. For example, McNamara and Rhee (1992) examine the performance change of the conversion in life insurance industry by investigating the product variables, financial variables, and management welfare variables. Their empirical evidence suggests that converting life insurers did improve their performance after conversion. Cagle et al. (1996) further investigates the results of conversion for property-liability insurers by examining the financial status, business mix, and management welfare variables. Their evidence shows that the converting insurers experience no change in accounting profitability. McNamara and Rhee (1992) and Cagle et al. (1996) shed insight on the efficiency issue, but they use conventional financial ratios and operational ratios as proxies for "performance" and do not examine the issue from the input/output efficiency perspectives. More recently, Jeng, Lai, and McNamara (2006) utilize the input/output efficiency to examine the efficiency performance changes of converting life insurers but not property-liability insurers. In fact, there is no study investigating the input/output efficiency performance change of converting property-liability insurers. This paper intends to fill up this gap.
The main purpose of this paper is to evaluate the pre-verse post-conversion efficiency performance of property-liability insurers and test the efficiency hypothesis proposed by Mayers and Smith (1986) . We utilize the data envelopment analysis (DEA) approach to evaluate the efficiency changes of converting insurers. Both the value-added approach and the financial intermediary approach of the DEA method are used. Malmquist index analyses are also conducted to examine the productivity changes of converting insurers over the sample period.
Our results are based on the overall sample period (from 1989 to 2001) . This study investigates whether the converting U.S. property-liability insurers improve their efficiency performance before and after the conversion. The evidence shows that converting insurers experience larger gains in cost efficiency scores and total factor productivity change than mutual control insurers before the conversion when the value-added approach is used. On the other hand, converting insurers experience deterioration in cost efficiency scores and total factor productivity change relative to mutual control insurers before the conversion when the financial intermediary approach is used. The two seemly contradictory results may be complementary because the outputs and inputs of the two approaches are different. The empirical evidences of the value-added approach and the financial intermediary approach indicate converting insurers experience improvement in their efficiency relative to mutual control insurers after the conversion. The results are robust with respect to cost efficiency scores and total factor productivity change. These overall results support the efficiency hypothesis. The regression evidence also shows that converting insurers outperform their mutual control insurers in cost efficiency after conversion using the both approaches.
The contributions of this study are as below. First, this study is the first to utilize the data envelopment analysis (DEA) of production frontier method to examine the efficiency performance change resulting from the conversion in the U.S. property-liability insurance industry. Prior studies do not consider this type of efficiency. The DEA method measures the efficiency performance from both input and output perspectives. Second, we analyze efficiency performance change by using the Malmquist index method, which further separates the total productivity change into technical change and technical efficiency change. The additional two measures can provide more insights to the efficiency performance change. Another advantage of the DEA method and Malmquist method is that they produce a uniform measure such as efficiency scores to make comparisons among insurers easier. Finally, this study provides evidence supports the efficiency hypothesis developed by Mayers and Smith (1986) .
The rest of the paper proceeds as follow. First, research questions are reviewed and data and methodology are described. Next, we present the results of the efficiency performance changes by using value-added approach and further conduct a regression analysis of the relationships between the efficiency performance and insurance firm characteristics. Similar analyses are then performed by using the financial intermediary approach. Finally, the important findings are summarized and conclusion is discussed.
Research Questions
Our first research question is whether converting insurers improve their efficiency performance and productivity before conversion. Please note that it is not the intention of this paper to investigate the motivations of demutualization. Viswanathan and Cummins (2003) have done a great job in examining the motivations for the conversion in the insurance industry.
But they have not looked into the issue of efficiency changes using the DEA method. Our second research question is whether converting insurers improve their efficiency performance and productivity after conversion. The answer to this question will shed new light on the efficiency hypothesis proposed by Mayers and Smith (1986) .
Data and Methodology

Data
We examine recent property-liability conversion activities that occur during 1993-1998. Please see Appendix A for all sample insurers. There are two reasons for the short sample period. First, we can evaluate the efficiency performance change of converting insurers based on homogeneous economic conditions (see Viswanathan and Cummins (2003) ). Second, for each converting insurer we match 60 mutual and stock control insurers and thus need to rely on NAIC (National Association of Insurance Commissioners) tapes rather than hand-collecting data.
The overall sample period is from 1989 to 2001.
Methodology
There are two major classes of efficiency estimation methods: the econometric (parametric) approach and the mathematical programming (non-parametric) approach.
1 In this paper, we utilize the data envelopment analysis (DEA), a non-parametric approach, as our major methodology. Two different approaches of the DEA method are used: the value-added approach and the financial intermediary approach. In addition, we use Malmquist Index analysis to track the efficiency changes and productivity growth during the sample period. Malmquist Index evaluation can also provides more detail estimates of technical efficiency change, technical change and total factor productivity change. Cummins and Weiss (2000) provide excellent reviews about the DEA method and Malmquist Index analysis, and discuss all major efficiency studies in the insurance industry.
We choose the DEA approach for following four reasons. First, the DEA approach has been used extensively in estimating efficiency for banking and insurance research. Second, this non-parametric approach allows us to avoid an inappropriate assumption for the distribution of the error terms of the parametric approach. Third, the DEA approach separately evaluates the efficiency of every decision making unit (DMU) relative to its reference set, thus providing us 1 The advantages and disadvantages of the two methods are well summarized and discussed in Cummins and Weiss (2000) .
with more meaningful measurement about efficiency. Finally, the use of the DEA approach enables us to provide consistent analysis since the Malmquist index is also the DEA based. We next discuss the input/output variables used in this study for the DEA approach and efficiency measurement. Both the value-added approach and the financial intermediary approach are used.
The Value-Added Approach
We first evaluate the efficiency performance of insurance companies using the value-added approach, which considers asset or liability categories that have the most value added important outputs, as judged by operating cost allocation (see Berger and Humphrey, 1992) . We identify the input/output measures according to Cummins and Weiss (1993) , Berger, Cummins, and Weiss (1997) , Zi (1999), and Jeng and Lai (2005) .
Outputs
The output variables include the loss amounts for different product lines and total invested assets. Cummins and Weiss (1993) suggest that insurers provide consumers with services associated with insured losses, risk-pooling, and risk-bearing. Following Cummins and Weiss (1993) , Cummins, Weiss and Zi (1999) , and Cummins et al. (2004) , we use loss incurred for different product lines as proxies for outputs. We further separate the losses into four categories:
losses incurred in short-tail personal lines (y1), losses incurred in long-tail personal lines (y2), losses incurred in short-tail commercial lines (y3) and losses incurred in long-tail commercial lines (y4). Based on Berger, Cummins, and Weiss (1997) , we also include invested assets (y5)
as an output variable. All output numbers are deflated to the base year 1997 with the Consumer Price Index (CPI) 2 .
Inputs
The inputs used in measuring the efficiency performance include labor (x1), business service 2 The base year is 1997.
(x2), equity (x3), and debt capital (x4). Labor input is the labor cost divided by average weekly employee wages. We measure the price of labor (p1) as average weekly wages for insurance agent (Standard Industrial Classification (SIC) Class 6411) using U.S. Department of Labor data.
The second input, business services, consists of agent commissions and loss adjustment expenses.
Both the business service and price of labor are deflated to the base year 1997. The price of business services (p2) is the average weekly earnings of workers in SIC 7300. The third input is equity capital. We use policyholder surplus as the proxy for equity capital. To avoid the problem of improper estimates, we do not take the ratio of an insurer's net income to capital (ROE) as the price of policyholder because insurers with poor performance are more likely to have negative net incomes and price cannot be negative. Consequently, we utilize the debt-equity ratio of the insurer as the price of equity (p3 Table 1 reports the descriptive statistics for both inputs and outputs that used in the value-added approach. One interesting result is that some outputs of the converting insurers are lower than those of the mutual control insurers in three of the four lines (short-tail and long-tail personal lines, and short-tail commercial lines) before conversion. In addition, some inputs of converting insurers (i.e., labor cost and equity) are also significantly lower than those of the mutual control insurers. This means that we are not able to tell whether converting insurers or mutual control insurers are more efficient by simply examining the outputs or inputs. Brockett et al. (2004) suggest that, compared with other financial intermediaries, the insurer plays a different role because their future obligation is intangible and the policyholders' claims are contingent on the future losses. Thus, the ability to pay the claims and the financial health of an insurer are important in terms of financial intermediary function. We employ the financial intermediary approach to examine the efficiency performance change of the converting insurers from the financial perspective because the financial intermediary service is one of the major services. Brockett et al. (2004 and and Jeng and Lai (2005) also utilize the financial intermediary approach. Moreover, since the inputs and outputs of the financial intermediary approach are different from those of the value-added approach, the results of financial intermediary approach may provide different insights about the insurers' efficiency changes.
The Financial Intermediary Approach
Outputs
Following Brockett et al. (2004 , we employ a set of performance ratios and the IRIS (Insurance Regulatory Information system) ratio as insurer outputs. These six output variables include: change in policyholder surplus (y1), capitalization ratio (y2), change in invested assets (y3), investment yield (y4), change in net premiums (y5) and liquid assets to liabilities (y6). In addition, we also identify return on assets (y7) as one output because another major objective goal of manager is to maximize the shareholders' profits.
Inputs
The first input is policyholder surplus. We further divide surplus into surplus previous year (x1) and change in surplus (x2) since the amount of surplus supplied by the policyholder can be invested during any period of time. The prices for surplus previous year and change in surplus are the ratio of debt to equity for previous year (p1) and the ratio for current year (p2). The reason of taking leverage ratio as input price for surplus is mentioned above. The third input comprises of underwriting and investment expenses (x3). We use the average weekly employee wages as the proxy for input price (p3). Another input is debt capital consisting of unpaid net losses, unpaid loss adjustment expenses. We further separate the debt capital into two categories: the short-term and long-term debt capital (x4, x5). The prices for short term and long-term debt capital are the interest rates of one-year term and five-year term treasury (p4, p5) respectively.
[Insert Table 2 here] becomes significantly higher than that of the mutual control insurers (1,107,906) and stock mutual control insurers (1, 163, 973) , respectively. This result is expected because demutualized insurers have capital infusion during the conversion process. Another interesting result is that return on assets (ROA) of demutualized insurers is significantly lower than that of the mutual control insurers in the year of conversion, but becomes higher than mutual control insurers in year 3.
Empirical Results
The analysis of empirical results in this section is separated into two parts: the value-added approach section and financial intermediary approach section.
Efficiency Results of Value-added Approach
This section discusses the empirical results of the value-added approach including the DEA scores and Malmquist indices. Specifically, we estimate converting insurers' best practice production frontier consisting of converting insurers and control insurers and estimate the control insurers' best practice production frontier consisting of only control insurers. The efficiency scores and Malmquist indices indicate whether insurers improve their performance or not. We also examine the ratio of efficiency score or indices of the converting insurers to that of the control insurers to compare the performance differences between the converting insurers and their control insurers during conversion period. The ratio indicates whether converting insurers perform better or worse than their control insurers.
[Insert Table 3 indicates that the efficiency scores of technical efficiency, allocative efficiency, and cost efficiency of converting insurers increases before demutualization. For example, the technical (cost) efficiency score for converting insurers increases from 0.867 (0.508) in year -3 to 0.922 (0.574) in year -1. Consistent results are found when we examine the demutualized/control insurer efficiency ratio. For example, the converting/mutual control insurer ratio of technical efficiency also increases from 1.042 in year -3 to 1.084 in year -1, suggesting converting insurers perform better than mutual control insurers during the period.
We next examine the efficiency scores after the demutualization. Panel A of Table 3 shows that all efficiency measures, including technical efficiency, allocative efficiency and cost efficiency also increase after the demutualization. For example, technical (cost) efficiency score for converting insurers increases from 0.894 (0.547) in year 0 to 0.912 (0.618) in year 3. In addition, the results that all converting/mutual control insurer ratios also increase from year 0 to year 3, implying that the converting insurers perform better than their mutual control insurers after conversion.
One may argue that the frontier for converting insurers may change after conversion because converting insurers have changed their organizational structure from mutual to stock insurers.
Thus, we also conduct the analyses based on the pooled frontier of converting insurers and stock control insurers. Panel B of Table 3 shows the comparison between the converting insurers and stock control insurers before and after demutualization. Specifically, Panel B shows that technical and cost efficiency scores increase from year 0 to year 3, implying the converting insurers improve their performance after the conversion and perform better than the stock control insurers after conversion. 
Malmquist Index Analysis
We utilize the Malmquist index approach to further analyze technical efficiency change, technical change, and total factor productivity change over the sample period. The Malmquist index of total factor productivity change consists of technical efficiency change and technical change. If the Malmquist index of total factor productivity greater than 1 implies that total factor productivity progress has occurred. A favorable (unfavorable) technical efficiency change implies "catching-up (falling behind)." If the Malmquist index of technical change is greater (less) than 1 implies "innovation (technical regress)".
[Insert Table 4 here] Table 4 reports the results of Malmquist analysis using the value-added approach. Panel A 4 The allocative efficiency scores of converting insurers decrease after the demutualization, but so do stock control insurers. In fact, the allocative converting/stock control insurer ratios increase after the demutualization. The results of (bottom section) Panel A of Table 4 show that converting insurers experience efficiency improvement before conversion in terms of technical efficiency change (1.080) and total factor productivity change (1.093). The cumulative results of converting/mutual control insurer ratios in year -1 for all three indices are also greater than 1, suggesting converting insurers perform better than the mutual control insurers before the conversion.
Cumulative results (Bottom section) of Panel A also show technical efficiency change, technical change and the total factor productivity are 1.079, 1.007, and 1.116 in year 3, respectively. In addition, the cumulative results for converting/mutual control insurer ratios are 1.003, 1.059, and 1.091 in year 3, respectively. These values are greater than one, suggesting that converting insurers are "catching up" to the frontier and experience "innovation" and productivity progress.
Panel B presents the Malmquist indices based on the pooled frontier of the converting insurers and stock control insurers. The cumulative results (bottom section) of Panel B of Table   13 4 show that technical change and total factor productivity efficiency are 1.014 and 1.004, respectively in year -1, suggesting converting insurers improve in term of these two indices before the conversion. The cumulative results of Panel B of Table 4 show that technical efficiency change, technical change indices, and total factor productivity efficiency are 0.988, 0.989, and 0.978, respectively in year 3. All three values are less than 1, suggesting converting insurers experience "falling behind" in efficiency and suffer "technical regress" and productivity deterioration after the conversion. However, the cumulative scores of technical efficiency change and total factor productivity change at t=3 are higher than those at t=0 (0.957 and 0.973, respectively). This means converting insurers improve their technical efficiency change and total factor productivity change since t=0.
The Efficiency Results of Financial Intermediary Approach
Since the inputs and outputs of the financial intermediary approach are different from those of the value-added approach, we believe our analysis in this section can provide additional insights about the efficiency performance change regarding "financial condition" before and after the demutualization. We report only the final results because the analysis is similar to that of the value-added approach.
[Insert Table 5 here] Table 5 reports the DEA efficiency score using the financial intermediary approach. Panel A, Table 5 shows all efficiency scores of converting insurers based on the pooled frontier of converting insurers and mutual insurers decrease before the conversion. These results are different from those of the value-added approach which show the converting insurers improve their performance before the demutualization. Interestingly, Jeng, Lai, and McNamara (2006) also find seemly contradictory results between the two approaches using U.S. life insurance demutualization data. The reason for the different results of the two approaches is that they use different outputs and inputs. The outputs for the value-added approach are losses incurred, while the outputs for the financial intermediary approach are financial condition related variables such as the change in policyholder surplus, capitalization ratio, and liquidity ratio.
A possible explanation for the improvement of the converting insurers before the conversion using the value-added approach is that converting insurers improve their efficiency to maximize the existing policyholders' (future stockholders') wealth. Other things being equal, more efficient insurers are able to offer higher price at IPOs because efficiency usually translates to profitability. A possible explanation for the deterioration of the converting insurers before the conversion using the financial intermediary approach is that converting insurers need new capital infusions.
We next analyze after conversion results. As compared to their mutual control insurers, we find that the converting firms enjoy efficiency improvement in all efficiency scores but underperform the mutual control insurers in terms of technical and cost efficiency after the conversion (Panel A, Table 5 ).
When the indices are based on the pooled frontier of converting insurers and stock insurers, we find converting insurer suffer deterioration in efficiency measures after the conversion (Panel B, Table 5 ).
[Insert Table 6 here] Table 6 shows the results of the Malmquist analysis using the financial intermediary approach.
The results of Panel A show that compared to mutual control insurers, the converting insurers are "falling behind" and suffer total factor predictability change before the conversion when the pooled frontier is based on the converting insurers and mutual control insurers. We also find converting insurers experience favorable technical efficiency changes and total factor productivity change and perform better than the mutual control insurers after the conversion (Panel A, Table 6 ).
Panel B shows, compared to stock insurers, converting insurers improve their technical change (innovation) and enjoy total factor productivity improvement after the conversion.
Regression Analysis
The above analyses of DEA scores and Malmquist provide evidence of efficiency changes.
We further use ratios of converting/control insurers to examine the relative efficiency performance and productivity between the converting insurers and the control insurers. The ratios analyses are univariate analyses. Thus, we further use the regression analysis to examine the efficiency and productivity changes between the converting insurers and control insurers.
Specifically, we examine whether converting insurers outperform and underperform control insurers. The dependent variables are various efficiency scores and cumulative Malmquist indices and independent variables are firm characteristics.
We use four sets of dependent variables of efficiency change. The first set of dependent variables (cost efficiency, technical efficiency, and allocative efficiency) is the DEA efficiency scores in one year before the conversion (t=-1) to those in three years before the conversion (t=-3). The second set of dependent variables is the DEA efficiency scores in 3 years after conversion (t=3) to those in one year before the conversion (t=-1). The third set of dependent variables is cumulative Malmquist indices (technical efficiency change, technical change, and total factor productivity change) before the conversion and measure the same way as the DEA efficiency scores. Finally, the last set of dependent variables is cumulative Malmquist indices after the conversion.
Based on the Cummins, Tennyson, and Weiss (1999b), we choose some insurer's financial/operational characteristics as independent variables, such as firm size, Herfindahl index for lines of business, percent of premiums in long-tail lines, the ratio of agents balance to direct premium written and reinsurance ratio. Note these characteristics variables serve as control variables to control differences in insurers' different characteristics. The detailed discussion of independent variables and models will be presented in the empirical results section.
The regression model is as follow:
[Insert Table 7 here]
The independent variables include conversion dummy (DEMU, equal to 1 if the insurer is a converting insurers and zero for control insurers), firm size (NA, log of total assets), Herfindahl index (HI), percent of premiums in long-tail lines (LP), the ratio of agents balances to direct premium written (AD) and reinsurance ratio (RE). Table 7 presents the summary statistics for variables that are included in the regression models. 5 Specifically, it shows the total assets of converting insurers are significantly higher after the conversion. This is due to the infusion of capital during the conversion. We find that Herfindahl index of converting insurers are lower than that of the stock control insurers before the conversion but become significantly higher than that of converting insurers after the conversion. The results also show that that on average the reinsurance ratio of converting insurers is consistently significantly higher (lower) than that of mutual (stock) control insurers during conversion period. Table 8 shows the coefficient of constant and conversion dummy (DEMU) variables in technical efficiency model is significant and positive, indicating that converting insurers improve their technical efficiency and perform better than their mutual control group before conversion. In addition, we find that the converting insurers perform better than the mutual control insurers after conversion for all the efficiency measurements (Panel B). The evidence is consistent with the result of the DEA analysis in previous section. Thus, the regression results provide strong evidence to support the efficiency hypothesis.
Regression Results of the Value-added Approach
[Insert Table 8 here]
Consistent with the finding of Cummins et al. (1999) , we find that large insurers experience lower efficiency improvement than small insurers during converting period (Panels A and B).
The predicted sign of Herfindahl index is ambiguous. Comment and Jarrell (1995) Panel C shows that DEMU is negatively related to efficiency change, suggesting that converting insurers underperform the control mutual insurers before the conversion. On the other hand, the coefficients of DEMU variables in the technical change and total productivity change models are statistically positive at the 1% level after conversion, implying that converting insurers perform better than their mutual control group in technical change and total productivity change after the conversion. In addition, consistent with the results found in Panel A and B, we find that converting insurers with higher agent balance to direct premium written and lower reinsurance ratio are more likely to improve their total productivity growth during converting period. To save the space of the paper, we do not provide the discussion of the control variables for the rest of analyses.
[Insert Table 9 here] Since the converting insurers operate under stock organizational structure after the demutualization, we also compare the difference in the efficiency performance between converting insurers and stock control insurers after the conversion. The results of Table 9 indicates that none of the coefficient of conversion dummy variables in the efficiency and Malmquist index models is significant after conversion, suggesting that converting insurers do not outperform or underperform their stock control group after the conversion.
Regression Results of the Financial Intermediary Approach
We also conduct the regression analyses for efficiency performance changes using the financial intermediary approach and report the results in Tables 10 and 11 . The financial intermediary approach considers more on overall financial strength (e.g., change in policyholder surplus, capitalization ratio, and liquid assets to liabilities) and profit of insurers, whereas value-added approach more focuses on underwriting performance (e.g., losses incurred).
Panel A of Table 10 shows converting insurers perform worse than mutual control insurers in terms of technical efficiency performance before the conversion. After conversion, the DEMU variables are positive and significant in the cost and allocative efficiency models, suggesting converting insurers experience larger gains in cost and allocative efficiency performance than mutual control firms after conversion (Panel B). Consequently, the empirical results of both the value-added approach and the financial intermediary approach support the efficiency hypothesis especially in term of cost and allocative efficiency.
[Insert Table10 here] Panels C and D of Table 10 display the regression results of cumulative Malmquist indices before conversion and after conversion. They show that the converting insurers experience more favorable efficiency change than mutual control firms before and after conversion.
We next present the regression results of converting insurers and stock control insurers in the Table 11 . The results of Panel A shows the coefficients of DEMU variables in the cost efficiency and technical efficiency models are negative and significant, implying that converting insurers are on average to underperform than stock control insurers before the conversion. The results of Panel B indicate that converting insurers perform better in terms of cost and technical efficiency than stock control insurers after the demutualization.
[Insert Table 11 here] Panels C and D in Table 11 present the regression result of cumulative Malmquist indices.
We find that converting insurers perform better than their mutual control insurers in term of efficiency change before conversion. However, we did not find that converting insurers perform 20 better than their mutual control insurance in total productivity growth before or after conversion.
In summary, comparing to the value added approach, the result of the financial intermediary approach provides weaker evidence, but the overall results of both the value-added and financial intermediary approaches are complementary. In both two approaches, we find that converting insurers improve their efficiency performance after conversion. Thus, the overall empirical evidence provides evidence to support the efficiency hypothesis.
Summary and Conclusion
This study investigates the pre-versus post-conversion efficiency and productivity changes of U.S. property-liability insurance insurers. For robustness, we provide various DEA scores (cost efficiency, technical efficiency, and allocative efficiency scores), Malmquist indices (total factor productivity change, technical efficiency change and technical change), and regression results of the value-added approach and the financial intermediary approach before and after the conversion. With so many results, it is almost impossible to examine the issues without a summary. For example, we provide the results of a total of 48 regression models. Thus, we provide a summary in Table 12. Our summary (Panel A, Table 12 ) focuses on the cost efficiency score and total factor productivity index because they are the two most important measures. 6 In addition, we do not summarize the results related to stock control insurers before the conversion, because converting insurers are mutual insurers before the conversion.
The empirical results are discussed below. First, we find converting insurers improve their performance before the conversion using the value-added approach. On the other hand, converting insurers experience deterioration in efficiency before the conversion using the financial intermediary approach. As we mentioned above, the two seemly contradictory results from the two approaches may be complementary. The converting insurers improve performance before the conversion to maximize their policyholders' (stockholders after conversion) wealth. At the same time, the evidence shows the converting insurers suffer deterioration in financial condition and need to seek capital infusion through the conversion.
Second, the evidence based the pooled frontier of mutual insurers and converting insurers shows that converting insurers improve their performance after the conversion using the two approaches. These results strongly support the efficiency hypothesis developed by Mayers and Smith (1986) . The evidence, based on the pooled frontier of converting insurers and stock insurers, indicates that performance of converting insurers improve their performance using the value added approaches. On the other hand, the evidence indicates that performance of converting insurers deteriorate using the financial intermediary approaches. It should be noted that the mixed results do not necessarily invalidate the efficiency hypothesis. We believe that the results based on mutual control insurers should be weighted more than those on stock control insurers. The reason is that even converting insurers change their organizational structure from mutual to stock, they may not have become stock insurers within three years after conversion.
It should be noted that the regression results examine whether the converting insurers outperform mutual or stock control insurers, while the DEA scores and Malmquist indices examine whether converting insurers improve their performance. Thus, we should give more weights to the DEA scores and Malmquist indices when we examine the efficiency hypothesis.
Panel B, Table 12 shows the summarized regression results which examine whether the converting insurers outperform or underperform the control insurers. Again, we only summarize the results of models where dependent variables are cost efficiency and total factor productivity change. The efficiency and productivity changes before the conversion are summarized first. We cannot conclude converting insurers perform better or worse performance than mutual control insurers before the conversion. The results are robust with respect to both the value added approach and the financial intermediary approach.
The regression results of the efficiency and productivity changes after the conversion are summarized next. The evidence support that the converting insurers experience larger gains in cost efficiency than mutual control insurers. The results are robust with respect to both the value added approach and the financial intermediary approach. Using the financial intermediary approach, we also find that converting insurers outperform mutual control insurers in terms of total factor productivity change and outperform stock control insurers in terms of cost efficiency. These results shed light on the efficiency hypothesis. This table provides the averages of DEA efficiency scores using the financial intermediary approach. Panel A (B) provides the results based on the pooled frontier of the converting insurers and mutual (stock) control insurers. Converting/Control Insurer is the ratio of converting score to control insurer score. The year with a minus (positive) sign in front refer to the pre (post) -converting years. Year 0 is the converting year. Table 9 Regression Analysis using Value-Added Approach-Stock Control Insurers The model estimated is where the observable dummy variable DEMU=1 if the firm is converting Insurer and 0 if the firm is mutual Control Insurer; NA= firm size, measured by log of total assets; HI= Herfindahl index; LP= percent of premiums in long-tail lines; AD= the ratio of agents balances to direct premium written; RE=reinsurance ratio. Numbers in parentheses are standard errors. This table provides the summary of empirical results for Table 4 through Table 11 . CE is cost efficiency scores and TFPC is total factor productivity change factor productivity change. 
